Insertion of the mannitol permease into the membrane of Escherichia coli. Possible involvement of an N-terminal amphiphilic sequence.
The in vivo membrane assembly of the mannitol permease, the mannitol Enzyme II (IImtl) of the Escherichia coli phosphotransferase system, has been studied employing molecular genetic approaches. Removal of the N-terminal amphiphilic leader of the permease and replacement with a short hydrophobic sequence resulted in an inactive protein unable to transport mannitol into the cell or catalyze either phosphoenol-pyruvate-dependent or mannitol 1-phosphate-dependent mannitol phosphorylation in vitro. The altered protein (68 kDa) was quantitatively cleaved by an endogenous protease to a membrane-associated 39-kDa fragment and a soluble 28-kDa fragment as revealed by Western blot analyses. Overproduction of the wild-type plasmid-encoded protein also led to cleavage, but repression of the synthesis of the plasmid-encoded enzyme by inclusion of glucose in the growth medium prevented cleavage. Several mtlA-phoA gene fusions encoding fused proteins with N-terminal regions derived from the mannitol permease and C-terminal regions derived from the mature portion of alkaline phosphatase were constructed. In the first fusion protein, F13, the N-terminal 13-aminoacyl residue amphiphilic leader sequence of the mannitol permease replaced the hydrophobic leader sequence of alkaline phosphatase. The resultant fusion protein was inefficiently translocated across the cytoplasmic membrane and became peripherally associated with both the inner and outer membranes, presumably via the noncleavable N-terminal amphiphilic sequence. The second fusion protein, F53, in which the N-terminal 53 residues of the mannitol permease were fused to alkaline phosphatase, was efficiently translocated across the cytoplasmic membrane and was largely found anchored to the inner membrane with the catalytic domain of alkaline phosphatase facing the periplasm. This 53-aminoacyl residue sequence included the amphiphilic leader sequence and a single hydrophobic, potentially transmembrane, segment. Analyses of other MtlA-PhoA fusion proteins led to the suggestion that internal amphiphilic segments may function to facilitate initiation of polypeptide trans-membrane translocation. The dependence of IImtl insertion on the N-terminal amphiphilic leader sequence was substantiated employing site-specific mutagenesis. The N-terminal sequence of the native permease is Met-Ser-Ser-Asp-Ile-Lys-Ile-Lys-Val-Gln-Ser-Phe-Gly.... The following point mutants were isolated, sequenced, and examined regarding the effects of the mutations on insertion of IImtl into the membrane: 1) S3P; 2) D4P; 3) D4L; 4) D4R; 5) D4H; 6) I5N; 7) K6P; and 8) K8P.(ABSTRACT TRUNCATED AT 400 WORDS)